Abstract. The cabbage beetle, Colaphellus bowringi Baly undergoes an imaginal summer and winter diapause in the soil; adult emergence is spread over several months to more than 2 years, with prolonged diapause occurring in certain adults under natural conditions. The relationship between natural duration of diapause and postdiapause reproduction was investigated at 25°C under 12L: 12D photoperiod. The mean body weight of postdiapause adults with the long diapause duration of 21 months was significantly greater than with the shorter diapause duration of 5, 11 and 17 months. The longevity and mean total egg production of the postdiapause adult females with the long diapause duration of 21 months was significantly greater than that of postdiapause females with shorter diapause duration of 5, 11 and 17 months. All results demonstrate that extended diapause is associated with a high level of postdiapause reproductive performance. There is no negative trade off between diapause duration and the post-diapause reproductive traits that we measured in C. bowringi.
INTRODUCTION
Diapause allows insects to temporally avoid unfavorable conditions, such as hostile climatic conditions, insufficient or low quality food resources and risks imposed by natural enemies (Tauber et al., 1986; Danks, 1987) . However, diapause is generally believed to be costly. Costs of diapause are commonly reflected in lower post-diapause survival and reduced fecundity (Denlinger, 1981; Bradshaw et al., 1998; Han & Bauce, 1998; Kroon & Veendaal, 1998; Ellers & van Alphen, 2002; Williams et al., 2003; Munyiri et al., 2004; Matsuo, 2006; Ito, 2007) . The two most likely physiological mechanisms underlying these costs are damage due to diapause-associated stresses, such as desiccation or cold shock, and the depletion of metabolic reserves that could contribute to a decrease in postdiapause fitness (Hahn & Denlinger, 2007) . In one case, the presence of a diapause switch mechanism itself was associated with a reproductive "cost", i.e., a lengthened non-diapause preoviposition period (Tauber & Tauber, 1992) . In a few examples, wherein the diapause program includes greater body size and metabolic reserves, diapause has been associated with increased reproductive capacity (Saringer & Szentkiralyi, 1980; Spence, 1989; Fantinou et al., 2004; Wang et al., 2006) .
The cabbage beetle, Colaphellus bowringi Baly, is a serious pest of crucifers that is widely distributed from north to south in China; it undergoes an imaginal summer and winter diapause in the soil (Xue et al., 2002 a, b) . In the Tai-An population of C. bowringi (from Tai An city, Shandong Province, 36°2´N, 117°1´E), there are two distinct emergence peaks per year in the field, one in spring and a second in autumn (Dong et al., 2007) . The life history of this beetle is complex because of the existence of prolonged diapause in certain individuals. Adults that enter summer and winter diapause during the same time, or the same season, can show great differences between individuals in diapause duration (from several months to more than 2 years). For example, in a group of 767 adults that entered summer diapause in late May 2004, 15.7% emerged from the soil in the autumn; 71.8% in the second spring; 3.1% in the autumn; 7.4% in the third spring and 0.3% in the autumn (Dong et al., 2007) . Furthermore, postdiapause adults with different diapause durations can emerge from the soil at the same time. Thus, this species provides an excellent experimental model to examine the effects of diapause duration on postdiapause reproduction. The aim of this study is to examine whether a long-term diapause results in the deleterious effects on postdiapause longevity and fecundity in the Tai-An population of C. bowringi. in which the insects could burrow for dormancy. Those bottles were placed under natural conditions in an outdoor place. All the postdiapause adults used for this study emerged from the soil in late March 2006. Thus, the postdiapause adults had experienced diapause durations of approximately 5, 11, 17 and 21 months, respectively. Postdiapause adults were weighed with an electronic balance (AR1140/C, Shanghai, China) in the afternoon of the day that they emerged from the soil. Then the postdiapause adults were paired in Petri dishes (9.0 cm diameter); the Petri dishes were supplied with wet filter paper and fresh radish leaves, Raphanus sativus. One female-male pair formed a replicate; 30-35 replicates were initiated for each treatment. The total number of eggs per female and survival of males and females were recorded daily. After every observation, radish leaves were replaced with fresh leaves. Experiments were carried out in incubators at 25 ± 1°C under 12L : 12D photoperiod.
MATERIAL AND METHODS

Naturally
Statistical analyses were conducted using the STATA package Version 9.0. The data (longevity, fecundity) used for analysis were taken only from replicates in which both the male and female survived at least 18 days. The data were analyzed by one-way analysis of variance (ANOVA) and means were compared using a Bonferroni multiple comparison at P = 0.05.
RESULTS
Body weight
The mean body weight of postdiapause adults with the long diapause duration of 21 months was significantly greater than that of adults with shorter diapause duration of 5, 11 and 17 months (for male: F = 27.64, d.f. = 3,234, P < 0.01; for female: F = 14.51, d.f. = 3,223, P < 0.01, Fig. 1 ). There were no significant differences in body weight among postdiapause adults with diapause duration of 5, 11 and 17 months (for male: Bonferroni test: P = 0.465 between 5 and 11 months individuals, P = 0.913 between 11 and 17 months individuals, P = 1.000 between 5 and 17 months individuals; for female: P = 0.837 between 5 and 11 months individuals, P = 1.000 between 11 and 17 months individuals, P = 1.000 between 5 and 17 months individuals Fig. 1 ).
Longevity
There was no significant relationship between diapause duration and longevity among postdiapause males (F = 0.21, d.f. = 3, 44, P > 0.05, Fig. 2) . However, the longevity of the postdiapause females with the long diapause duration of 21 months was significantly greater than that of the postdiapause females with a shorter diapause duration of 5, 11 and 17 months (F = 13.09, d.f. = 3, 49, P < 0.01, P = 0.002 between 5 and 21 months individuals, P < 0.01 between 11 and 21 months individuals, P < 0.01 between 17 and 21 months individuals, Fig. 2 ).
Fecundity
The mean daily egg production per female was greatest in the postdiapause females with the diapause duration of 21 months (48 eggs), followed by the postdiapause females with diapause durations of 17 month (41 eggs), 5 months (35 eggs) and 11 months (34 eggs). Mean daily egg production per female with the diapause duration of 21 months was significantly greater than that of females with shorter diapause duration of 5 and 11 months (F = 8.81, d.f. = 3,53, P (= 0.0001) < 0.01, P = 0.003 between 5 and 21 months individuals, P < 0.01 between 11 and 21 months individuals, Fig. 3) .
The mean total egg production among postdiapause females differed significantly (F = 21.16, d.f. = 3, 53, P < 0.01; Fig. 4) . The mean total egg production per female was greatest in the postdiapause females with the diapause duration of 21 month (1250 eggs), significantly greater than that in the postdiapause females with shorter diapause duration of 5 (720 eggs), 11 (642 eggs) and 17 months (902 eggs).
DISCUSSION
In several insect species, diapause is longer in larger individuals (Bakke, 1971; Nesin, 1985; Powell, 1989; Danforth, 1999; Menu & Desouhant, 2002; Matsuo, 2006) . For example, in the chestnut weevil Curculio elephas (Menu & Desouhant, 2002) , the bee Perdita portalis (Danforth, 1999) and the seed-predatory weevil Exechesops leucopis (Matsuo, 2006) , the probability of prolonged diapause increases with higher larval weight. Such extra metabolic resources, associated with low energy consumption during prolonged diapause (Danks, 1987) , could ensure higher fecundity of the long-cycle phenotype and consequently, could compensate for the cost of prolonged diapause. In the cabbage beetle, C. bowringi, the mean body weight of postdiapause adults with the long diapause duration of 21 months was significantly greater than that of adults with shorter diapause duration of 5, 11 and 17 months (Fig. 1) . High body weight in long diapausing individuals is clearly an adaptive strategy in C. bowringi, because it deals with the energetic demands of the diapause period and ensures high fecundity after a long diapause period.
Negative phenotypic correlations between diapause duration and postdiapause performance have been reported in a variety of insect species (see the Introduction), which suggests that there may be a trade-off in the allocation of metabolic reserves between diapause maintenance and postdiapause development. However, such a negative correlation was not found in C. bowringi. A previous study with the Xiushui population of C. bowringi (29°1´N, 114°4´E) has shown that the mean total egg production per female with the long diapause duration of 22 months was significantly greater than that in postdiapause females with shorter diapause duration of 5 and 9 months under natural conditions, showing that extended diapause is correlated with high postdiapause reproduction (Wang et al., 2006, Fig. 3b ). In the present study, both the longevity and fecundity of postdiapause females with the long diapause duration of 21 months were significantly higher than those of postdiapause females with shorter diapause durations of 5, 11 and 17 months (Figs 2, 3 and 4), further demonstrating that extended diapause is associated with a high level of postdiapause reproductive performance.
All results suggest that the high level of postdiapause performance after prolonged dormancy is consistent with a life-history in which large individuals are recruited into prolonged diapause. This "strategy" appears to ameliorate the negative costs of prolonged diapause on postdiapause reproduction. The environmental and genetic bases for the relationships among beetle size, the propensity to enter prolonged diapause, and the expression of postdiapause reproductive traits, are open to testing and corroboration. 
